Sixteen bacteriophages for several strains of Neisseria perflava were isolated from throat washings and lysogenic organisms. The phages are placed into five groups based on serological and host-range characteristics. Group I, host strain c r, has phages NI, N2, mutant N2C, N5, N6, and NI3. N I is virulent, all others temperate for the host. Plaque size is about 1.5 mm., the largest for Neisseria phages. Group II, host strains s, T and u, has phage N4 and mutant N4c. The neutralizable antigens of these phages are modified when the host is changed. The group III phages, N3, N7, N8, N 9 and NI I, are temperate for host strain T. Group IIIA has a single member, N I0, which is temperate for its host, strain u. The group IV phages, NI2, NI55 , N 159 and N208, were all isolated from strains of N. flavescens on host strain s. Plaque size is about o.I mm., the smallest for the phages. All phages within a group are apparently serologically identical. Groups II, III and IIIA are serologically related, the others are distinct. The most remarkable feature is the extremely limited host range of each phage. Since the original chance isolations of the hosts given above, no additional phage-sensitive Neisseria have been found in over 30o strains tested.
INTRODUCTION
A search was undertaken for bacteriophages infecting the Neisseria in an attempt to develop a method of following the epidemiology of N. gonorrhoeae or other Neisseria infections by phage typing. The epidemiology of individual Neisseria infections is generally unknown except for certain N. meningitidis infections which may be followed by serological means. Although no phages were found for the pathogenic Neisseria, they were found for several chromogenic strains. Since these phages are newly isolated, and are potentially valuable in epidemiology, the procedures and problems of isolation and characterization will be explored in this report. Preliminary reports have been given (Phelps & Kellogg, i965; Phelps & Winsness, I966) . Only one authentic phage, for a strain of N. perflava, has been reported (Stone, Culbertson & Powell, 1956 ). Other reports of phages for the Neisseria may more likely be attributed to enzyme or bacteriocin activity (Buschke & Harry, i932; Pelouze & Schofield, 1927; Sen, I938a , b; Sherishorina, 1953 ; also see Raettig, 1958) .
METHODS
Media. The pathogenic Neisseria (N. gonorrhoeae and N. meningitidis) were grown in G.C. Medium Base (Difco, Detroit) containing iron and defined supplement (GCA) as recommended by Kellogg et aL (I963) . Liquid suspensions of these organisms were made in trypticase soy broth (Baltimore Biological Laboratories, Baltimore). The chromogenic Neisseria (all species except those above) were grown on trypticase soy agar (BBL) and in TPY broth formulated as follows: trypticase, phytone and yeast extract (all BBL) each at o'15 % (w/v) in distilled water. Soft agar for phage techniques was made by adding o'5 ~o (w/v) agar (BBL) to the TPY broth.
Bacteria. The strains of Neisseria used in this study are given in Table I . All strains were aerobic, oxidase-positive, Gram-negative diplococci. The specific names are those of the cultures as received in this laboratory; some strains were placed in different species after fermentation testing. Cultivation of bacteria. All organisms, taken from agar plates, were stored in 20 ~o (v/v) glycerin in TPY broth at -5 o°. Weekly subcultures of the chromogenic strains were made from the frozen stocks into TPY broth. They were stored at 4 ° after growth. Daily subcultures were made from the 4 ° stocks in the same medium. This procedure was necessary to overcome the rapid increase of phage-resistant organisms in the cultures. The pathogenic organisms were subcultured from the frozen stocks to GCA medium as needed and suspensions were made in trypticase soy broth for use. If the same pathogen was needed on successive days, direct transfers were made of selected single colonies to fresh GCA. All incubations were at 35 °. The pathogenic organisms were incubated under increased COs tension in candle jars.
Phage methods. The methods described by Adams (1959) were used with the following modifications. Bacterial lawns were prepared by seeding 3 ml. of soft agar at 420 with enough organisms to give confluent growth (about IO 7 organisms/ml.). The soft agar was then poured on to trypticase soy agar or GCA plates as necessary. Crude lysates (working stocks) of the phages were cleared of bacteria by passing them through a o'45 # filter (HA, Millipore Corp., Bedford, Mass.) Ultraviolet irradiations. All irradiations were done with a General Electric 3 ° w tube (F3oTB) giving 2o ergs/mm.2/sec, at 5o cm. The lamp was calibrated and checked frequently with a certified Westinghouse u.v. Indicating Meter for Sterilamps, Model SM-6oo. Bacteria from an aerated culture or the crude phage lysates were diluted Ioo-fold in o"14 N-NaC1 immediately before irradiation. All irradiations were done under yellow light in glass Petri dishes with the layer less than 2 ram. in depth, and with constant agitation. Assays were made by the standard methods. Photoreactivation was attempted with both bacteria and phages by exposing duplicate plates made as above to the light of two 3o w fluorescent lamps (daylight) at 25 cm. for 3o to 6o min. Plates were incubated in the dark.
Electron microscopy. Electron micrographs were made of carbon-platinum shadowed or phosphotungstic acid stained crude phage lysates or washed phage particles on a Phillips EM2oo electron microscope. Washed phage preparations were made using three cycles of low-and high-speed centrifugations (5ooo and 35,ooog) in o.I Nammonium carbonate. The preparations were dried directly on carbon-coated formvar grids for shadowing. A drop of phage preparation was mixed with a drop of 2 ~o (w/v) phosphotungstic acid on a paraffin block after which a carbon-coated formvar grid was touched to the mixture and allowed to dry for the negatively stained preparations.
Lyophilization. The crude phage lysates were diluted twofold with normal rabbit serum (no detectable neutralization) for lyophilization. All materials were shell-frozen in solid CO2+ethyl alcohol mixture, dried, then flame-sealed under vacuum. The lyophilized materials were stored at 4 °.
Special equipment. All test tubes, I ml. pipettes and Petri dishes, except where noted otherwise, were disposable plastic (Falcon Plastics, Los Angeles).
RESULTS

Phage-sensitive Neisseria
The phage-sensitive strains of Neisseria are listed in Table 2 . All fermented the four sugars, fructose, glucose, maltose and sucrose; none fermented mannitol. All were pigmented yellow on trypticase soy agar and on Loettter's medium. The only detectable difference, other than specific phage sensitivity, between strains was the u.v. inactivation rate of strain u, formerly called strain sub (Fig. I) . None of the strains was photoreactivable, none of the lysogenic strains was inducible by u.v., and the prepared lysogenic strains were inactivated by u.v. at the same rate as the original strains. Strain c r was an apparently cured strain of c, from u.v. inactivation studies, since no phage could be detected in the appropriate host; however, it was completely resistant to infection by the phage carried in strain ¢.
Bacteriophages
Sixteen phages plus two mutants were isolated on seven sensitive strains of Neisseria These phages were placed in five groups according to host-strain preference and serological relatedness. The phages are listed in Table 3 with the host normally used for each. The naturally occurring lysogenic Neisseria are listed in Table 4 phages carried. Inactivation by u.v. irradiation was the same for all the phages except group IV (Fig. z) . The phages were neither phot oreactivable nor inducible as prophages. Electron micrographs were made of selected phages of groups I and II. The head of the group I phages was polyhedral with an average diameter of about 7oo ]~; the tail was about i5oo X long and I5o ]~ wide, with a retractable tail sheath. The group II phages were the same shape but about io ~ bigger.
The group I phages were identical serologically within the group and distinct serologically from all the other phages as well as being distinct in host preference. These phages were in three subgroups on the basis of inactivation at 60 ° (Fig. 3) . Phage N I was the only one in the group unable to lysogenize any host. Phage N2c lysogenized host strains c and c r, but not strain A. The plaques of all the phages were identical in N. perflava, tl N 5, N 8 N. perflava, sw N2, NII N. perflava, w N3, N4 N. sicca, wh N 13 N. flavescens, M N I2 N. flavescens, N 155 N 155 N. flavescens, N I59 N 159 N. flavescens, N 208 (N. tiara) N 208 size, about 1. 5 mm. on strain c r, but phage N2 had a cloudy plaque while all the others were clear with microcolony growth. These phages survived storage poorly at any temperature, although 0.008 M-EDTA has a protective effect at 4 °. A few particles, about o.ooi ~o, survived lyophilization for I6 months, the longest time tested. The phages could be recovered from storage at -5 o0 in small numbers up to 9 months.
The group II phages were distinguishable by the ability to replicate in several hosts with resulting host induced modification of the neutralizable infective antigens (Phelps & Winsness, 1966) . The phages were serologically related to the group III and IliA phages (Table 5 ). The serological modification of phage N4c is also shown. All of the groups II, III and IliA phages had similar plaques except for N4 in strain s, which had an extremely turbid plaque. All the plaques were about 0"6 mm. in diameter. Inactivation curves at 60 ° of the groups II and III phages were similar while the group IliA phage was unique (Fig. 4) . All the phages of these groups stored well at 4 °, and all survived lyophilization for 16 months.
The group IV phages were distinct from all the other Neisseria phages in several respects. They did not cross-react serologically with any of the other phages, and all were apparently serologically identical within the group. The plaques of the phages were extremely small, about o.1 mm. in diameter, but quite clear and distinct. The phages were extremely sensitive to u.v. irradiation, relative to the other Neisseria phages (Fig. z) . Inactivation of the phages at 60 ° (Fig. 5) was generally within the range of the groups II and III phages. There was apparently no secondary inactivation occurring.
DISCUSSION
The criteria of serological neutralization, heat and u.v. inactivation, and host range were used in preliminary characterization of sixteen newly isolated Neisseria phages and two mutant phages. These phages were placed into five groups based on host range and serological relatedness. The phages have extremely limited host ranges. Since the original chance isolation of hosts, no phage-sensitive strains of Neisseria have been found in nearly 30o strains tested. There has been no success in' adapting' any of the phages to new hosts, although it was found that many of the phages are adsorbed to many of the resistant strains. The host strains are identicalin sugar fermentations, gross colony morphology and pigment production. The only distinguishing characteristic among them is their different phage susceptibilities. On the basis of sugar fermentations and pigment production these organisms have been classified as Neisseria perflava. Continual selection for phage sensitivity must be made with all the host strains since they may be converted to complete phage resistance within as few as four unselected transfers, either as broth subcultures or as randomly selected single colonies. Emphasis is placed on this fact which has been a source of trouble during this investigation. There is no marker paralleling this conversion.
The groups I and IV Neisseria phages are well delineated. Most of the phages in both groups were isolated from known different sources. All but one are temperate particles, N I being isolated directly from a throat washing as a virulent particle. The group IV phages were isolated from organisms originally identified as N. flavescens. However, one of these organisms, strain N208, now ferments the sugars characteristic of N. tiara (fructose, glucose and maltose). The group IV phages are remarkable, when compared with the other Neisseria phages, for their high sensitivity to u.v. irradiations, and for their extremely small plaque size.
The single phage in group IIIA, N10, is so separated because of its source and apparent relationship to the groups II and III phages. Strain s is lysogenic for phage N IO, and is sensitive to the group II phages; but when strain u is lysogenized with N IO, it is fully resistant to the group II phages. This phage is also the most sensitive to heat at 60 ° .
Phage N3, group III, was originally placed in group II, but was removed. The report that this phage would replicate in strains s and u was in error (Phelps & Winsness, 1966 ) . The original phage stock was found to be contaminated with phage 1~4.
Although groups III and IIIA are related to the group II phages, the complete relationships are still under investigation. The group II phages appear to be unique in their ability to be modified by the bacterial host in so far as the neutralizable infective antigens are concerned. The preliminary evidence indicates that recombination of the infective particle with prophage is not the explanation for the change in the antigens.
We have isolated and described 18 bacteriophages for the chromogenic Neisseria. Research on members of the genus, including bacteriophages which will infect them, has been lacking in the past. These bacteriophages may help in gaining further under- 
